OBJECTIVES: Observational studies on early surgery in infective endocarditis have conflicting results. This study aims to compare the treatment strategies for early surgery (within 2 weeks of diagnosis) and late surgery/medical therapy in terms of survival among patients with the left-sided infective endocarditis.
INTRODUCTION
Infective endocarditis (IE) is a relatively rare disease and has a high in-hospital mortality (15-30%) and morbidity due to complications such as embolic events, especially of the central nervous system, and heart failure. [1] [2] [3] [4] [5] . Ongoing research is focused on how to improve the prognosis of IE through early diagnosis, the organization of interdisciplinary teams and improvements in therapy, particularly in defining the optimal timing for surgical intervention [1] [2] [3] . International guidelines do give indications on the optimal timing for surgery, and they strongly recommend early surgery for patients in the active phase of IE with acute V C The Author 2017. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
Interactive CardioVascular and Thoracic Surgery 26 (2018) [602] [603] [604] [605] [606] [607] [608] [609] ORIGINAL ARTICLE doi:10.1093/icvts/ivx394 Advance Access publication 18 December 2017 cardiac complications (e.g. acute heart failure, uncontrolled infection and persistent large vegetations after an embolic event) [2] [3] [4] [5] [6] . However, currently, there is no clear evidence supporting the effectiveness of early surgery or indicating the best time to perform surgery, especially in patients without such conditions. Timing of surgery has been addressed in only 1 randomized trial [7] , and although there are several observational studies on this issue, they do not draw definitive conclusions due to the possible presence of biases related to the selection of surgery (indication bias) and the length of survival (immortal time bias) [8] [9] [10] . In the literature, different definitions of early surgery have been proposed. The majority of the studies defined early surgical treatment as an operation performed during the initial hospitalization period, while only few studies defined it according to a temporal criterion from clinical diagnosis [7, [10] [11] [12] [13] [14] [15] [16] . The aim of this study was to compare the treatment strategies for early surgery and late surgery/medical therapy in terms of survival among patients with the left-sided IE, taking into consideration both indication and immortal time biases [17, 18] .
METHODS
This study included patients with a diagnosis of the left-sided IE registered between August 2006 and December 2010 in the Italian Registry of Infective Endocarditis (RIEI). The RIEI prospectively collects sociodemographic and clinical data at diagnosis as well as data on treatment, clinical status and vital status during the 12 months after IE diagnosis. A detailed description of the RIEI protocol and patient characteristics has been reported previously [18, 19] . Data were collected by a Web-based application that included automated controls to enable completeness and accuracy of the inserted data. Follow-up data were recorded with direct contact with patients during ambulatory visits or by phone calls. Patients were considered lost to follow-up after at least 10 unsuccessful attempts to contact them. Ethics committees of each centre approved the study, and the participating patients gave informed consent. The study population consisted of definite left-sided IE according to the modified Duke criteria and was classified into 2 treatment groups: early surgery (i.e. surgery within 2 weeks of IE diagnosis) and medical therapy/late surgery (surgery after 2 weeks from IE diagnosis) according to the definition of early surgery used in a previous study [16] . Because departments contributing to the RIEI could be either medical or surgical, we considered a temporal criterion to define early surgery to be independent of the department type.
We considered the following comorbidities: ischaemic heart disease, previous acute myocardial infarction, peripheral arteriopathy, hypertension, hepatopathy, chronic pulmonary disease, diabetes, cancer, kidney failure or dialysis, dementia, cerebrovascular disease, alcoholism, human immunodeficiency virus infection or immunosuppressive therapy. Heart failure was defined according to the Framingham criteria, and the definition of echocardiographic findings are reported in Supplementary Material, Table S1 .
Statistical analysis
To describe the timing of surgery, we estimated the cumulative incidence of surgery considering death as a competing risk. The distribution of patient characteristics was summarized using percentiles for continuous variables and percentages and frequencies for categorical variables. Differences in sociodemographic and clinical characteristics at diagnosis between the treatment groups were assessed by logistic regression model, where early surgery (yes or no) was the outcome variable and factors known to influence treatment choice and prognosis were independent variables. We reported crude and adjusted odds ratios (ORs). Overall survival (OS) was defined as the time between the date of IE diagnosis and the date of death or of the last follow-up recorded in the RIEI, whichever came first. We estimated OS function using the Kaplan-Meier method.
We included in the Cox model the same set of factors known to influence treatment choice and prognosis [11, 12, [20] [21] [22] , to reduce confounding effects from indication bias, and early surgery as a time-dependent variable to avoid immortal time bias [23] . We tested the proportionality assumption on the basis of Schoenfeld residuals after fitting Cox model. To assess the impact of indication and immortal time biases on the results, we compared hazard ratios (HRs) derived from analyses that used different definitions of surgery (early versus at any time point) and different statistical methods considering the early surgery variable in the model both as a constant in time and as a time-dependent variable. As sensitivity analysis, we estimated the propensity score to be operated within 14 days and then we conducted a survival analysis using the inverse probability of treatment weighting and the sandwich estimator for the standard error of the HRs. Variables included in the logistic model to estimate the propensity score were age at IE diagnosis, gender, comorbidities, early complications, echocardiographic findings, causative microorganism, IE site, fever and epidemiology.
All statistical analyses were conducted using Stata (version 11.2; StataCorp, College Station, TX, USA).
RESULTS
Of the 680 definite cases of IE included in the RIEI, there were 519 with the left-sided IE, 17 of whom had to be excluded due to missing information, leaving 502 available (376 native valve IE and 126 prosthetic valve IE) for this analysis. The early surgery group consisted of 184 (36.7%) patients. The late surgery/medical therapy group consisted of 318 patients, 138 of whom underwent late surgery (Fig. 1) . The majority of all surgeries were performed within 3 months of IE diagnosis. The cumulative incidence of surgeries at 0, 7, 14, 30 and 120 days was 2.2% [95% confidence interval (CI) 1.2-3.8], 23.9% (95% CI 20.3-27.7), 36.7% (95% CI 32.5-40.9), 51.4% (95% CI 46.9-55.6) and 63.5% (95% CI 59.1-67.5), respectively (Fig. 2) .
Middle-aged patients were more represented in the early surgery group, and fewer patients in the early surgery group had a previous acute myocardial infarction ( Table 1 ). The most common heart valve disease in both treatment groups was mitral valve insufficiency, and there was no difference in the distribution of heart valve disease between the 2 treatment groups (Table 1) . Echocardiographic findings showed more complicated cardiac conditions in the early surgery group (moderate/severe regurgitation: 57.1% vs 46.9%; vegetations >10 mm: 52.7% vs 36.5%; myocardial abscess: 23.4% vs 5.3% and prosthetic valve detachment: 14.7% vs 6.3%). Fewer patients in the early surgery group had prosthetic valve IE or an identified causative microorganism. The most common causative microorganisms identified were Staphylococcus aureus, coagulase-negative staphylococci, the viridans group streptococci and enterococcus. We did not observe any strong association between early surgery and gender, selected comorbidities, presence of fever or presumed aetiological micro organism (Table 1) . Multivariable model confirmed the association between echocardiographic findings and early surgery, patients with vegetations >10 mm and myocardial abscesses undergoing early surgery more frequently (OR = 2.29, 95% CI 1.48-3.53 and OR = 8.73, 95% CI 4.33-17.58, respectively) and the association between causative micro organism and early surgery, patients with causative micro organism identified, undergoing early surgery less frequently ( Table 2) .
During the 12-month follow-up, there were 84 deaths and 51 patients were lost (25 in early surgery group and 26 in medical therapy/late surgery). The Kaplan-Meier estimates of OS at 1, 3, 6 and 12 months were 89.5% (95% CI 86.5-91.9), 84.6% (95% CI 81.1-87.6), 83.6% (95% CI 80.0-86.6) and 82.5% (95% CI 78.8-85.6), respectively. As shown in Fig. 3 , the risk of death was similar in the treatment groups in both univariable (crude HR 0.87, 95% CI 0.54-1.41) and multivariable analyses (adjusted HR 0.95, 95% CI 0.55-1.63). An estimate of the role and importance of the most common biases encountered in this kind of observational studies is reported in Fig. 3 . The estimated effect of surgery at any time point on mortality seemed to be very strong, with an adjusted HR of 0.42 (95% CI 0.25-0.70). The treatment effect was weaker, and not statistically significant, when early surgery was not analysed as a time-dependent variable (HR 0.69, 95% CI 0.40-1.18) and disappeared when early surgery was included as a time-dependent variable (HR = 0.95, 95% CI 0.55-1.63). Analogous results were obtained in sensitivity analysis with inverse probability of treatment weighting adjustment [early surgery: HR 0.68, 95% CI 0.38-1.23 and early surgery (time-varying): HR 0.89, 95% CI 0.47-1.63]. In all our analytical approaches, the role of confounding factors (i.e. differences in patient characteristics between groups) seemed to be negligible, as crude and adjusted HRs were similar (Table 3) . There were no violations of the proportionality assumption.
DISCUSSION
In this study, we presented the results of a prospective observational study, based on the RIEI [18, 19] , comparing survival in patients with definite left-sided IE who had early surgery (performed within 2 weeks from the initial diagnosis) and those who received late surgery/medical therapy. Using appropriate statistical methods to minimize confounding by both indication and immortal time biases, we did not observe a reduced risk of death in patients who underwent early surgery (adjusted HR 0.95, 95% CI 0.55-1.63). In contrast, surgical treatment at any time point after IE diagnosis was believed to reduce the risk of death, but this stronger, and statistically significant, result was clearly affected by immortal time bias, despite careful adjustment for confounding factors (see Fig. 3 ). The other factors affecting OS were consistent with the published data [2-7, 11, 12, 21, 22] and were included in our multivariable analyses to control for potential selection biases. In our study, survival was negatively influenced by older age (>60 years), the presence of one or more comorbidities, heart failure and health care-related IE. Several studies have addressed the utility of cardiac surgery to improve IE prognosis [ 10, 11, 13, 14, 20-22, 24, 25] . A recent meta-analysis including 21 studies suggested that early surgery in IE increases survival when compared with delayed surgery and/ or conservative management [26] . A systematic review [7] on the same topic included 9 large observational studies and 4199 patients. It reported a better prognosis after cardiac surgery in 6 studies (ORs ranging from 0.27 to 0.47), neutral findings in 2 studies and a worse prognosis in 1 study (HR 1.9, 95% CI 1.1-3.2). At least, in part, the heterogeneity of these results may reflect differences in the ability to control the risk of bias, which is often present in observational studies. However, some studies have addressed the issue of selection bias [27] and immortal time bias [23, 28] . In cardiology, these biases are often addressed through the use of a propensity score [28] and by including treatment as a time-dependent variable in the survival model [10] .
As reported in the literature [2, 9, 26] , in our study sample, early surgery was usually performed in patients with cardiac complications that can be treated, such as large vegetations, myocardial abscesses and severe valve regurgitation. On the contrary, the causative microorganism involved was believed to have a smaller effect on the choice of early surgery, while most comorbidities, such as previous acute myocardial infarction, were negatively associated with early surgery, probably due to a higher operative risk.
It is now well accepted that surgery can be performed at initial hospital admission, and this is widely done in clinical practice, as reported in the RIEI registry. Concerns arise when surgery is performed during sepsis, as this may cause subsequent recurrences of IE. However, data from the 1990s showed that recurrences are not related to the duration of previous antibiotic therapy but instead to uncompleted antibiotic therapy cycles after surgery and the failure to completely remove the infected tissues [29] . Recently, more IE recurrences and 6-month prosthetic dysfunctions have been reported within 7 days of surgery [25] . Nevertheless, there is a general consensus that surgery should be performed before complications occur [3] , as the risk related to surgery is higher in the presence of heart failure or other complications.
Despite the strengths of the study, such as the large sample size, the prospective, multicentre data collection and the use of appropriate statistical techniques to address selection and immortal time biases, we were not able to draw conclusions on the efficacy of early surgery or to suggest optimal timing or subgroups of patients who could benefit the most from such procedures. The statistical uncertainty of our results, the incomplete controlling for biases and the potential dilution of the effect due to the presence of patients who underwent late surgery offer a strong argument for planning a large, confirmative, randomized ad hoc trial. This research priority is supported by the lack of available evidence, because there is only 1 published randomized trial on a specific and small subgroup of patients with severe valve regurgitation and vegetations > 10 mm in the absence of other cardiac conditions [7] and another ongoing trial, the ENDOVAL study [30] , for which the results are still not available.
CONCLUSIONS
The results of this study did not confirm a better OS for patients with the left-sided IE undergoing an early surgery. However, even with the use of statistical techniques to control biases, we could not definitely conclude that early surgery is not beneficial for all patients with the left-sided IE. These results confirm the need for randomized clinical trials to evaluate the effect of early surgery on the outcome of patients with the left-sided IE and to explore the effect in specific subsets of patients.
